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TECENICAL NOTE 3946

DITCHING INVESTIGATIONS OF DYNAMIC MODELS AND EFFECTS

OF DESIGN PARAMETERS ON DITCHING CHARACTERISTICSl

By Lloyd J. Fisher and Edward L. Hoffman
SUMMARY

Data from ditching investigations conducted &t the Langley Aeronau-
tical Laboratory with dynemic scale models of various airplanes sre pre-
sented in the form of tables. The effects of design parameters on the
ditching characteristics of airplanes, based on scale-model investigations
and on reports of full-scale ditchings, are discussed. Various ditching
aids are also discussed as g means of improving ditching behavior.

INTRODUCTION -

The designers of an airplane have control over many factors that
will affect the chances of survival of the occupants of the alrplane in
a ditching. Since a congidersble variation in ditching behavior is found
in airplane designs that have similar performence in the air, it 1s evi-
dently possible to choose values of design psrameters that will gilve some
measure of ditching safety without apprecisble sacrifice of aerodynamic
properties. Therefore, availsble ditching data are presented and evalu-
ated herein in order to assist the designer and the operator in making
preliminary ditching evaluations of airplanes by comparison with similar
configurations or by the study of various design peresmeters. This infor-
nation is based on dsta from scale-model investigations conducted et the
Langley Aeronautical Laboratory and from sctual full-scale ditchings.

The data from ditching investigations with scale models are presented in
the form of tables.

Scale-model investigations can give information regerding the motions
of an airplane when ditched but data regarding the ebility of personnel
to withstand the motions, and subsequently to escgpe from the sinking
airplane, must be obtained from other sources.

Liost of. the information presented herein was previously made avall-
able to the U. S. Military Alr Services and the Civil Aeronautics
Administration.
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APPARATUS AND PROCEDURE ' -

The investigations of the ditching characteristics of alrplenes were -
conducted in Langley tank no. 2 with dynamic scale models. Damage which
was likely to occur in a full-scale diltching was simulated in the models
elther by the removal of parts, by the installaetion of simulated crumpled
sections, by the installatlion of scale-strength sections or aluminum-
foll coverings which failed during the test, or by a conbination of these
methods. The models were launched elther from the towing carriage or
from the monorail so that they were free to glide onto the water at the
desired landing attitude and speed. The control surfaces were set in
such a manner that the model did not yaw or change asttitude apprecisbly
in flight. Landing attitude was measured between the longitudinal axis
of the airplane and the smooth-water surface.

The behavior of the models was recorded from visual observations
and from motion plctures of the tests. Average decelerations were derived
from the landing speeds and lengths of run. Maximum longitudinal decel-
erations were measured with an accelerometer installed near the cockpit.
Varlous accelerometers were used that had netural frequencies of ebout
20 to TO cycles per second and all were demped to sbout 65 percent of
the criticel damping value. The reading accuracy of the least accursate -
instrument was about i%g. o

RESULTS ' AND DISCUSSION

The results of the model-ditching investigations are shown in tables
1 to 37. The Information in these tables is based on calm-waber lending
tests. In rough-water landings made parallel to waves or swells, the seme
general type of performance should be obteined. In landings made per-
pendicular to waves, however, more desmage and more violent motions mey
occur, depending on the choice of diltching site and the size and portion
of the wave contacted. .

Effects of Design Parameters

Wing.- From . & ditching standpoint, the vertical locetion of the wing
wlth respect to the fuselage is a compromlse between having the wing low
enough to provide bucyancy to help keep the alrplane aflost after ditching
and having the wing high enough so that the landing flaps and engine
installations (discussed further under "Flaps" and under "Engine instal-
lation") do not seriously impair ditching behavior. It is generally
considered that the most favoreble position of the wing is slightly sbove
the bottom of the fuselage or in a low midwing position.
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The thickness and size.-of the wings had 1ittle effect on ditching
behavior other than the obvious effect on buoyancy. Sweptback and delts
wings had little hydrodynemic influence on ditching but they d4id have
aerodynamic influence on handling and landing characteristics. The flying
wing appeared to have reasongbly good ditching characteristics but it .
was very susceptible to damasge although no violent motions occurred. L

Flaps.- The landing flaps had a noticeable hydrodynsmic effect on e
gbout 25 percent of the models investigsted. For most of the models there
wvas only a slight nose-down moment observed, end in no test was g flaps-up
condition preferable. For certain models (as example, teble 16), a flaps-
down condition caused diving, but with the flaps retracted and with the
corresponding increase in speed the damage and deceleration were even
more severe than in the dives. It is therefore preferable to have flaps
down in a ditching in order to obtain a low forwerd speed and thus to
decrease fuselage damege; however, the flaps should be weak enough to
fail before producing an undesirsble diving moment. For airplanes having
very low wings, the manner in which the flaps failed, that is, whether
they were cormpletely torn from the wing or whether the linkage failed
and left the flaps free to rotate toward a neutral position, had an effect
on the results. In teble 28 it is noted that a flap which merely rotated
toward a neutral position was accasionelly detrimental.

Engine Installation.- Reciprocating engines have caused differences
in airplane ditching behavior because of the location of the nacelle.
When placed low on an airplane, the engine nacelle acts as a "water brake"
and increases decelerations; therefore, it is generally desirsgble to place
the engine well gbove the level of the bottom of the fuselage.

Jet engines mounted on the wing (table 11) or turbopropeller engines
mounted similarly will have about the same effect as a reciprocating-
engine nacelle except that they may be smaller and have less wgbter resist-
ance. Pusher-propeller engines installed on the wing (table 10) also
mey have low water reslstance. '

Jet engines have brought gbout & design freedom in engine location
because propeller clearance is no longer a factor. Jet engines installed
at the wing root, on struts, under the fuselage, and on the side of the
fuselage have been investigated in model-ditching tests. In general,
the wing-root nacelles have very little effect on dynamic behavior and
will have little influence on structural demasge. The strut-mounted
nacelles (tables 12 and 26) will probebly be torn off in a ditching but
will have little effect on dynamic behavior. With engine nacelles mounted
under the fuselage, varlous effects can be expected, depending on the
rigidity and the fore and aft location of the installation. If the
engines are too far aft, a dive may be produced. A forward location may
cause porpaising, but generally an intermediate position can be found
that will produce a smooth run. Side-mounted engine nacelles will
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probably requlire the horizontal taill to be.mounted high on the vertical
tail. Generslly, with a high tail the rear part of the fuselage runs
deeply in the water and the nacelles cause:considergble sprey and drag
as they enter the water. If the nacelles tear away during a ditching,
extensive structural demege may result and possibly the aft portion of L
the fuselege will be torn awey. Flghter alrplanes usually have Jjet
engines located within the fuselage; therefore, the location of the alr
inteke is the most important feature of such installations. The inlets
maey cause detrimental behavlor when & ditching is made at a low enough
attitude to get them into the water at high speeds (see teble 23).
Usually, however, an alrplane can be landed so that the inlets are held
clear of the water until a falrly slow speed 1s reached. Tests were made
of one fighter asirplane model thet had et engines mounted on the under-
side of the fuselage (teble 20); diving did not occur with thls particu-
lar installetion, but some very high deceleraticons resulted.

Tall surfeces.- The location of the tall surfaces has not previocusly .
been considered to have hydrodynamic influence on ditching behavior. o
However, data cobtained in scale-model investlgations Iindicate that the
horizontal-tall location can affect the gttlitude at which the airplane
will run on the water. When the horizontal tail 1s located very high on
the vertical tail the model will, when there is a tendency to trim up,
trim higher than when the horizontal tail is in & low position. Occas-
ionally a horizontal tail was partielly torn swey In the scale-model
tests but no apprecilable change in behavior due to this demege was noted. v

Landing gear.- It is considered advisable that ditchings be made T
with the landing gesar retracted because an extended gear usually causes

diving. (For example, see teble 32.) There have been some full-scale

ditchings with wheels down in which diving did not occur, but apparently

these were exceptional. ] -

The arrengement of the landing gear when retracted has not shown
an apprecigble effect on ditching behavior, but it can affect the amount o
of demasge and the safety of persounel during a ditching. Tricycle-gear _
arrangements have nose-wheel doors that are likely to fail in a ditching. =~ -
In no case have scale-model investigations shown that such a failure will
cause diving, but secondary failures that ensue as a result of the water
pouring into this opening msy be extensive enough to endanger nearby per-
sonnel. In general, the landing-gear installation that has a tall wheel
tends to give a better arrangement for ditching than the tricycle gear,
provided that all wheels are retracted. However, if a ditching aid
attached. under the nose of the airplane were considered, the tricycle
landing gear would provide structurel members advantagecusly located to
carry the concentrated load of the ditching aid. The blcycle-landing-
gear installation requires doors in the fuselage bottom which are undesir-
able in ditching unless they are much stronger than doors generally are.
In investigations of one airplane model employing the bicycle landing
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gear, the simulated main-wheel doors failed (table 12). 1In this test

no detrimental behavior occurred but the fuselage was flooded. The out-~
rigger wheels required with & bicycle main gear offer no difficulties

in ditching. A contribution of the bicycle-landing-gear design favoreble
to ditching 1s a very strong fuselage structure. The fuselage of some
alrplenes has broken apart near the wing in ditching but it is unlikely
that a fuselage strong enough to support a bilcycle landing gear would
separate in this manner. In an investigation of & model with the main
landing gear located in nacelles on the sides of the fuselage (table 33),
the nacelles crumpled considerably but the demage did not affect the
ditching behsvior. Damage 18 1likely to occur when the nacelle type of
wheel fairing is used, and the demage could have undesirable effects

on flotation unless precautions are taken to prevent entry of water into
the main part of the fuselage.

Fuselage strength.- Most airplanes could be ditched with relstive
safety if extensive damasge to the fuselsge could be avolded; therefore,
the strength of the fuselage bottom is probebly the most importent param-
eter Influencing ditching behavior. It 1s impractical to consider
designing fuselages which will not fail in ditching, but damage may be
reduced by using ditching aids (discussed further under "Ditching Aids")
and the danger to personnel may be minimized by providing safe ditching
stations (discussed under "Safe Location of Personnel"). The middle third
of the fuselage bottom is considered the criticel region because of its
susceptibility to damage and the consequent effects on ditching behavior.
The investigatlons with models by the use of scale-strength bottoms to

determine the location and amount of probeble damsge have substantiated
this conclusion.

H

Bombers are partlicularly susceptible to damage and undesirsable
ditching behavior because the bomb-bay doors are usuelly loceted in the
critical region. Manufacturers estimste that the bomb-bay doors have
an ultimete strength in resistance to wabter loads of approximaetely
1/2 to 2 pounds per square inch and that the remainder of the lower fuse-
lage is also comparatively weak. Bomb-bay-door fallure generally occurs
and sometimes causes violent behavior; however, whether or not violent
behavior occurred, safe ditching stations in the rear part of the fuselage
are generally uncbtalnsble because of the rush of water through the air-
plane when dsmage occurs.

There is a wide variation in the bottom strength of fighter air-
planes; some have strength as low as 2 pounds per square inch, but others
can withstand & pressure of 4O pounds per square inch on some parts of
the fuselage bottom. Fighters frequently sustain extensive damsge to
the bottom skin, but the structure usually remains more or less intact.
If damage does not occur, fighters willl make smooth runs or at worst they
might skip. If damage occurs, almost any behavior from a smooth run to

a violent dive or flipover might result according to the amount of damage
and the particular airplane configuration.



6 NACA TN 3946

Transport airplenes have marginal-strength fuselages -~ the lower
part of the fuselages sustains some damege when ditching but usually is
not demolished. The average resistance to water loads ils estimated by
manufacturers to be from 8 to 12 pounds per square inch. The fuselage
strength of a transport is greater than that of a bomber because the
requirements for cargo floors and pressurized cablns in the transport
contribute to a stronger fuselage and because the bomber fuselage is
considerably weakened by the presence. of the bomb-bay doors. Damage
usually does not cause the behavior in transports to be violent, but
water flooding into the fuselage through daemaged sections i1s a hazard.

Fuselage shape.- Some current airplanes have large amounts of curva-
ture at the reasr of the fuselage. A high degree of longitudinal curva-
ture results in a suction which causes the models to trim up in the water
(tebles 30, 31, and 3T7). A high degree of lateral curvature at the rear
of the fuselage results in suctions and motions similar to those produced
by high longitudinal curvature (ref. 1). Trimming up is not necessarily
detrimental but could contribute to undesirable results such as skipping
and subsequent diving. A fuselage bottom with little longitudinal and
laeteral curvature tends to decrease trimming up but is undesirsble because
of the accompanying high water loads. There are indications that flattened
cross sectlons in combinatlon with high longitudinal curveture tend to
cause skipping (tebles 19 and 30). Moderately curved sections rearward
of the center of gravity are desireble with respect to stability and water
loads. : —

From early scale-model tests, it was concluded that the small dif-
ferences in the ratio of fuselage length forward of the center of gravity
to the total fuselage length Indicated no comsistent differences in the_
hydrodynamic performasnce. Recent trends in fighter design have led to
increases in this ratio from spproximately 1/4 to 1/2. There is evidence
that the increase in nose length has been advantageous to fighter air-
planes because it has resulted in a decrease in diving or nosing-in tend-
ency. For bombers, the increase in thils ratio has been small and there
has been little noticegble effect on ditching behavior.

Curvature at the nose also has an influence on ditching behavior.
A fuselage that is more or less straight on the bottom but curves uvp
abruptly at the nose offers less nose-up moment and thus is more likely
to dive than one that curves up graedually. The desirsbility of gradual
curvature of the forward pert of the fuselage has been substantiated by
limited tests.

The effect of cross-sectional curvabure of the forward part of the
fuselage has not been investigated but it appears that a moderately curved
cross sectlion would probably be most desirable.

Size.- The physical magnitude of ailrplanes sppears to affect the
degree of violence of diltching behavior. Small differences are not

hl'
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noticeable but in the overall range from fighters to large bombers and
transports the effect of silze and pitching moment of inertie is apparent.
As the size of alrplanes increases, the ditching behavlior becomes less
violent.

Interior arrangement.- Probebly the item of interior arrangement
that has the greatest effect on ditching behavior is the bulkhead just
aft of the bonmb bay. Bomb-bay doors usually fail; therefore, this bulk-
head is immediately subjected to water loads. For the configurations
shown in t&bles 11 and 13, diving wes prevented by removing the bulkhead
and the part of the fuselage bottom that might be torn away if the bulk-
head failed. In tsble U4, removing the bulkhead or part of the bulkhead
reduced the severity of diving. There have been cases in which bomb-bay
doors failed but diving was not produced; in such cases the bulkhead
caused no detrimental behavior and offered scme protection to the interior
of the rearward part of the fuselsge.

Protuberances.~ Protuberances under the wing or the fuselage of an
airplane may cause undesirable ditching behavior and high longitudinal
decelerations. Protuberances located rearward of the center of gravity

are the most undesireble and may cause diving. Radistors projecting below
the fuselage rearward of the center of gravity have caused dives. Radia-
tors under the nose have caused violent ditching behavior and high decel-~
erations. Belly-gun turrets and raedar housings placed forward of the cen-
ter of gravity generally have caused no diving or other violent motions
when tested on models (tebles 8 and 1L4). However, such protuberances
loceted rearward of the center of gravity have caused diving (table 3).

Scale-model investigations with cargo containers located under the
fuselage (table 27(b)) indicated that no detrimental effect was due to
the presence of the cargo container; in fact, it was beneficlal because
it afforded protection to the bottom of the airplane. The construction
of the container was such that it caved in on contact with the water
and thus acted as a shock sbsorber.

The need for greater fuel storage in Jet-propelled airplanes has
resulted In the use of external fuel tanks, usually located under the
wing or at the wing tip. Streamlined auxilisry fuel tanks under the
wing (teble 23) should be jettlsoned before ditching because they increase
hydrodynamic resistance and because thelr shape is such that they produce
a suction force detrimental to successful ditching. Tanks that were mod-
ified in shape by the addition of either chine strips or dead rise with
chines (ref. 2) would improve the ditching behavior if they were strong
enough to withstand the water loads. Wing-tip tanks probably will not
be detrimental since they do not enter the water until a low speed is
reached and, if empty, they offer additional buoyancy (tebles 21 and 24).
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Safe ILocation of Personnel -

The avallsbility of good ditching stations for persomnel will in -
some measure compensate for unavoideble deficiencies in hydrodynemic char-
acteristics. Scale-model investigations indicate that decelerations in.
gsevere ditchings may exceed 10g, but espperently personnel cen withstand
such decelerations if they are braced against or strapped to a unit of
the airplane that will not fall. The danger that parts of the alrplane
will be broken off and thrown against occupants cannot be completely
eliminated, but adequate strength can be provided to prevent obvious
hazards, such as overhead turrets, from being torn off.

Availaeble records of ditchings indlcate that the survivel rate for
fighter pilots 1s higher now than in the past. Although the behavior
of current fighter airplanes is sometimes violent, a more important factor
msy be the increase in use of the safety harness. The fuselage of a
fighter is strong and the pilot can usually be braced well enough. to with-
stand the decelerations. The bottom skin of the fuselage may e demaged
but there is little water flow through the pilot's compartment.

In bouwber and transport alrplanes, the pilot's compartment is usually
high enough to avoid quick flooding except in a dive, damage is not severe,
and escape hatches are availeble. The most dangerous ditching stations '
in a bomber airplene are rearward of the bomb bay because of the likeli-
hood. of an inrush of waeber through the low-strength bomb-bay doors and
the probable failure of the bulkhead Jjust reasrwerd of the bomb bay. The
survival rate for bombers as a whole is very low, and as a class the
borber is considered to have unaccepteble ditching characteristics.

In e transport airplane, the fuselage generally has no predominantly
wesek part, such as bomb-bay doors, and the floor of the passenger compart-
ment is more substantisl than the floor of & bomber. Consequently, the
rearward part of the fuselage is possibly less hazardous in a transport
than in a bomber; however, because of:the chance that the rear fuselage
might sustain extensive damege, ditching stations should be as far for-
ward as possible.._ In transports thet have double decks (tables 36
and 37), the upper deck offers relatively safe dltching stations. The
most hazardous type of-transport, as far as ditching stations are con-
cerned, is the "flying boxcar" (tebles 29, 30, 32, and 33). This type
of airplane has large doors and & wide flat bottom that are subject to
high water pressures; therefore, some damage 1s very probeble. The high
wing of the flylng boxcar affords no buoyaricy until the airplane sinks T
deeply; consequently, the cargo or passenger compartment 1s likely to

be flooded to & hazardous extent. ~

Tt would seem that the ditching requirements for transports should
be more severe than for other types of alrplanes because of the large
mumiber of passengers involved and the general lack of training in ditching
procedures. _ :

il
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Ditching Aids

When the use of an alrplane i1s such that a high degree of ditching
safety is required, a ditching aid may be the best method of insuring
such safety. If a ditching aid were included as an integrel part of the
airplane in the early stages of design, it possibly could be incorporated
with little or no penalty In performance.

Hydroflap.- One method which can be used to prevent diving or "nosing
in" during the high-speed part of a ditching run is to provide a device
under the fuselage forward of the center of grevity that will have suf-
ficient hydrodynamic 1ift to furnish the necessary positive pitching
moment. Scale-model investigations have been made with planing surfaces,
called hydroflaps, instaelled on models for this purpose. The hydrofleps,
which usually have an incidence angle of sbout 30°, have been tested in
variocus forms. In some investigations, existing rectangular doors in the
fuselage were braced open to form hydroflaps (tebles 2(b) and 15(b)).

In other investigations where the hydroflep hed a trapezoidal or trian-
gular plan form (tables 4(b), 11(b), and 33(b)), smoother runs were
obtained than with rectangular plan forms. In addition to eliminabing
the diving, hydroflaps reduced the amount of damage sustained by scale-
strength sections.

Certain types of alrplenes require speed brakes or dive brakes.
These devices have various forms, one of which is an approximetely flat
plate hinged at its leading edge to the bottom of the fuselage and opening
outward. A few alrplanes have had thls type of brske located forward of
the center of gravity. Such a device possibly could be located so that
it could serve as a hydroflep as well as & speed brake. Speed brakes
have not yet been located far enough forward of the center of gravity
to serve advantageously as hydroflaps and have not been made strong enough
for such use. Scale-model investigations (table 2h(b) indicate that such
a brake could be used as a ditching sid 1f these requlrements were met.

Hydrofoil.- Two general methods for using hydrofoils to improve
hydrodynamic ditching characteristics of alrplanes have been investigated
with scale models: in one method, the hydrofoll was placed below the nose
of the model with a positive incidence, and in the other it was placed
aft of the center of gravity with a negative incidence in order to hold
the tail down. Both schemes were effective in improving the performance
of the models, but the hydrofoil below the nose of the model was a more
positive and practical installation. In addition to improving ditching
behavior, the hydrofoil forward of the center of gravity offered the
possibility of reducing fuselage damsge.

Hydro-ski.- Another possibile ditching aid is & planing surface that
can be extended on struts so that in a landing the alrplene rides on the
planing surface and the main body of the alrplane 1s not subjected to
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large water loads at high water speeds. Such a device has been called

a hydro-ski (tebles 14(c), 27(c), and 34%(b)). With a hydro-ski ditching
ald, the hazardous motions and structural demage associlated with ditching
can be elimingted. For & bomber alrplane, twin skils retracting into the
slde of the fuselage or into the wings could be used. For a transport
alrplane, elther & single ski or twin skis retracting Into the bottom

of the fuselsge would be practical.

CONCLUDING REMARKS

Performence requirements and the relatively low frequency of emer-
gency landings even in wartime meke 1t unlikely that airplanes will ever
be designed specifically for "safe" ditchings. It appears possible, how-
ever, to reduce the hazards by some sttention to the effects of the design
parameters. It may also in certain cases be possible to incorporate )
ditching aids to protect the structure from peak water loads without sig-
nificant performence penslties. These possibllities together with the
esteblishment of proper approach procedures, provision of edequate means
of escape, and early rescue remain the most effective means of increasing
survival rates in future ditchings.

Langley Aeronautical Leborsetory,
National Advisory Committee for Aeronautlcs,
Langley Field, Va., November 16, 1956.
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TABIE 1

SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMEER A

[Model scale, %; gross weight, 21,500 1b; center-of-gravity
location, 28 percent M.A.C.; all velues full sca.le]

Damege simulated by removal of parts (crosshatched aress).

o o]

61.3 ft,

' Meximm Average
%ﬁ%ﬁg i‘%ap Langns L?lsth longitudinal | longitudinal | Motions of
& t e, Bed ing, Bpk:.o'b, OL run, | geceleration,| deceleration, model
eg eg 8 't g unite g uits (*)
Undemaged model
2 0 104 200 - 2% uh
2 50 104 200 - 2% uh
6 0 104 400 - 1 uhb
6 %0 87 200 - l% uhb
10 0 87 350 - 1 uh
10 40 69 200 1-‘1;: 1 uh
Dameged model
2 10 10% 150 5% 3 b
t10 %0 69 100 3 2 )

*In this column, the letters indicate the following motions:

b ran deeply - the model settled deeply 1in the water with little change in attitude
h ran smoothly - the model made a very steble run

u trimmed up - the attitude of the model increased while running in the water

tRecommended ditching attitude and flep setting.
Remarks: Simulation of demaege on this model stopped the trimming-up tendency and

caused the model to run deeper in the water. The large nacelles caused violent turns when
the model was ditched with one wing low.
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TABIE 2
SUMMARY OF MODEL-DTTCHING INVESTIGATION OF BOMEER B
[Model scele, f—z,- gross welght, 25,730 lb; cemter~of-gravity
location, 28 percent M.A.C.; all values full sca].e]

(a) Without hydroflep.

Demage simulated by removal of parts (crosshatched areas).

Mextmum Average
Lapding Flep Lending | Length longitudinal Longitudinal Motiong of
attitude, | setting, speed, | of run, | deceleration, | deceleration, model
deg deg knots £t g units g units (*)
Undemeged model ~
3 55 102 Loo 2 1 8 dy
3 55 102 koo 3 1 8%
8 0 115 600 1% - 1 8t
8 55 86 500 — 1 h
13 (o} 102 250 8 2 dl
13 55 % 150 2% &
Damaged model . -
3 55 101 100 - i a;
0 1 1 1
B | |G % 4
8 55 86 100 - 33 ay
13 0 102 250 - 2 dy
13 55 86 150 - 2 d

*In this column, the letters indicate the following motlons:
a; Aived violently - the model stopped aebruptly in a nose-down attitude with
most of the model submerged o :
h ren smoothly - the model made a very stable
8 skipped - the model rebounded from the water .
t turned sherply - the model pilvoted quickly sbout & vertical exls

TRecommended ditching attitude and flap setting.

Remsrks: The behavior of the model was exceptlonelly violent. Violent dlves
oceurred with the undameged model. In gereral, the dives at the attitude of 8° were
less viclent than those at the attitude of 13°. When the model was ditched with one
wing slightly low, the large nacelles dug into the water and caused sharp turns.
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TARLE 2 - Concluded
SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER B
(b) With hydroflap.

Demsge as shown in three-view sketch. All-purpose nose door (open at
an angle of 30° to thrust line) used es hydroflap. :

L9.9 fte

Meximum Average
Lending Flep }{Lending|length |longitudinal |longitudinal |Motions of
attitude, |setting,| speed, jof run,|deceleration,|deceleration,] model
deg deg knots £t g units g units (%)
3 55 101 300 - 2 D
18 55 86 250 3% i D
13 55 86 | =00 -- 1 P

*In this columm, the letters Indicate the following motions:
P porpoised - the model undulated sbout the transverse axis with some part
of the model always in contect with the water

TRecommended ditching attitude and flep setting.

Remsrks: Rather violent porpoising runs occurred with the hydroflap, but these
runs were considersbly better than the violent dlves that occurred without the hydroflap.
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TABLE 3 -

SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER C

[Model scale, ilg; gross welght, 57,000 1lb; center-of-gravity
location, 30 percent M.A.C.; all values full scalg

Damage simulated by removal of perts (crosshatched areas).

Maxi A
Lending Flep Lending | Length Longit el | 1o ng;f:i;fgal Motions of
attitude, setting, speed, of run, deceleration, deceleration, model
deg deg knots tad 2 units g units (*)
Undameged model
0 45 122 - 7 ——— a4y
5%- 45 104 ——— - - a4
7 0 104 ——— 8 — a4
7 b5 87 -—- & - t a4
10 0 87 — - _— a4y
10 b5 87 -— - — d
Dameged model
) L5 122 S 7% —- t
332= 45 104 -— - — t 8
+7 l{-5 87 - - - ' =3
10 45 87 ——— - - )

*In this column, the letters indicate the followlng motions:

dy dived violently - the model stopped abruptly in a nose-down attltude with most
of the model submerged

ho] porpolsed - the model undulated ebout the transverse exis with some part of
the model alweys in contact with the water.

8 skipped - the model rebounded from the water

t turned sharply - the model pivoted qulckly about a vertical axls

TRecommended aitching attitude and flap sebbing.

Remarks: The tests indicated that the lower turret was Ehe prinecipal cause of diving.
It was recommended that this turret be made easily Jettiscnable.
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TAELE b

SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMEER D

[Model scale, -:Ez; gross welght, 48,500 1b; center-of-gravity

location, 30 percent M.A.C.; all values full scale]

(a) Without

hydroflep.

Damage simulated by removal of perts (crosshatched areas)

ey

Lending Flep Lenging | Length Maxd mum Average Motions of
i | et | el | o | jmaeen | immenm | U
*
deg deg knots rs & untts 3 o mmite " (%)
Undemaged model
1 10 104 550 1% 1
900 2% L s
950 1 % 5
5 0 1ok
8oo 1 % P
1
5 %0 87 600 lJ21' E h
550 1'5 g P
9 0 300 3 L h
9 4o 20 % % B
550 - z P
Demaged model
200 j— -
1 ko 104 2;2" 1
300 - 112-'- 8
Ts ko 87 250 -- ) P&y
9 ko ar 150 - 2 dy

*In this column, the letters indicate the following motiocms:

dy dived viclently - the model stopped abruptly in a nose-down attitude with most

of the model submarged

h ren smoothly - the model mede a very steble run

P porpoised - the model unduleted about the transverse axis with some part of
the model elways in contact with water

8 skipped - the model rebounded from the water

T Recozrmanded ditching attitude end flap setting.

doors ceused a diving moment.

Remarks: The bomb-bay doors on this airplene are exceptionally weak and will prob-
ably fail in a ditching. The tests of models indicated thet fallure of the bomb-bey

The amount of damage to the bulkhead aft of the bomb
tay determined the severity of the behavior of the airplane.

15
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TABLE 4 - Concluded
SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER D

(b) With hydroflap.

Demage same as shown in three-view sketch. Hydroflap as indicated.

Landing Flep |(Landing|Length Max Limam Average Motions of
attitude, |setting, |speed, |of longitudinal |longitudinal | ™ ‘', 7
’ ne, | epeed, Tu, deceleration, [deceleration, *
deg deg knots £t g units g units (%)
Lo 104 450 - 1 P
16 40 87 300 -_— 1 D
9 Lo 87 350 m 1 P

*In this column, the letters indicate the following motions:
el porpoised -~ the model undulated sbout the transverse asxis with
some part of the model always in contact with water

1_Rec:ommsendet:l ditching attitude and flap setting.

Remarks: The hydroflep was considered the most practical of several
ditching aids which were tested on this model.

i

Wh
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TAELE 5
SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER E

[Model scale, ﬁ; gross welght, 26,000 Ib; center-of-gravity
location, 25 percent M.A.C.; all velues full acﬂe]

Demage similated by removal of parts (crosshatched asress).

i

— 53 ft.
67.5 ft.
©Os—©@
Maximum Average .
Landing Flap Lending Length longitudinal Long!itudinal Motions of
ettlitude, setting, epeed, of run, deceleration decalerati model
~ deg deg knots £5 g wnits ’ g units 3 (%)
Undamaged model

o 0 104 200 % 2% h
o] 5 104 250 4 2 5
6 [o] 10k 250 3 2 h
6 L5 87 150 3 2 h
12 0 104 300 3 1% h

1 L
12 45 87 200 35 1E h

Dameged model

L 1
6 15 87 250 3 1§ b
Tz hs 87 150 3% 2 b

*In this column, the letters indicate the following motions:

ren deeply - the model settled deeply into the water with little change in
attitude

ran smoothly - the model mede a very stable run

skipped ~ the model rebounded from the weter

turned sherply ~ the model pivoted quickly ebout a verticasl axls

[ = o

TRecomnended. ditching attitude end flap setting.

“ Remarks: The performance of the model was not eppreclably chenged by simulation
of demage. The model ran deeper in the weter with the parts removed, but the behavior
in genersl wes similer. The lerge nacelles tended to cause violent turns when one
wing was low.
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TABLE 6
SUMMARY OF MODEL-DITCEING INVESTIGATION OF BOMBER F

[Model scale, -l—la-; gross welght, 31,000 _Z_Lb; .center-of-gravity
location, 14 percent M.A.C.; all values full scale]

Damage similated by removal of parts (crosshatched areas).

Landing ™ Flap Landing Length Maximm Average Motions of
attitude, setting, speed, of run, Longitudinal longitudinal model
deg deg - knots deceleration, deceleration, (*)
g units g unite
Undemaged model "~ -
-1 0 122 %00 e :L% wh
-1 55 1ok koo 2 1 uh
6 0 10k 350 - 112- uh
6 55 104 350 - - 1% us
13 0 104 300 _—— - l%_ b
13 55 104 350 2 1% R
Demaged model
-1 55 104 koo 3 1 8
tg 55 104 350 4 12 8
13 55 104 300 6 15 s

*n this column, the letters indicate the following motions:

h ran smoothly - the model made a very stable run
8 skipped - the model rebounded from the water
u trimmed up - the attltude of the model incressed while running in the water

TRecommended ditching ettitude snd flap setting.

Remarks: The model had e btrimming-up tendency in the undamsged condition.

nacelles caused sharp turns when the model was ditched with one wing low.

The large




NACA TN 3946

TARLE 7

SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER G

Model scale, %0'; gross welght, 105,000 1b; center-of-gravity
location, 25 percent M.A.C.; &ll values full sca.le]

Damage similated by removal of perts (crosshatched arees).

VA

C = —
e A

1l ft. ‘-’

19

Maximim Average
Lending Flap Landing Length Motions of
attitude, setting, speed, of run, Llongitudinal Longltudinal model
deg deg knots £t deceleration, deceleration, (%)
g units g units
Undamaged model
1 k5 122 250 8 2L 4y
5 L5 10k 650 1 z b
9 0 122 &0 2 1 h
9 45 87 450 1 £ B
13 0 10k 700 2 5 b
1 1
13 L5 87 200 15 :l_E . dp
Damaged model
1 L5 122 600 -= 1 P
200 - 3% ar
P 45 104 350 - 1% P
o 45 87 300 - 1
13 L5 87 250 -, 1% b

*In this column, the letters indicate the following motions:

d dived viclently - the model stopped abruptly in & nose-down attitude with most of
the model submerged

ds dived slightly - the model stopped abruptly in 8 nose-down attitude with nose of
the model submerged

b ran smoothly - the model made & very steble run

he] porpolsed -~ the model undulated aebout the transverse axis with some part of the
model always In contact with the water

fRecomended. ditching attitude and flep setting.

Remarks: The scale-strength landing flaps on the model did not fall consistently. When the
fleps did not fail, the model usually dived.
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TAELE §

NACA TN 3946

SUMMARY OF MODEL-DITCEING INVESTIGATION OF BOMBER H

[Méé.el scale, ELO-; gross welght, 100,000" 1b; center-of-gravity
location, 30 percent M.A.C.; all values full scale_é,

Demege simuleted by removal of perts (crosshatched areas).

Lmum Average
Lending Flap Lending | Length Max eg Motions of
attitude, setting, speed, of run, longltudinal longltudinal model
deg deg Xnots £t deceleration, deceleration, (%)
& unite g units
Undemaged model
0 Lo 122 550 1% 1 uhb
3 L0 102 500 2 1 uhbd
13 0 115 600 2 1 hb
13 1o 88 k50 112- 1 B D
Damaged model -
0 Lo 122 450 i 1% pb
e Lo 102 350 1% J.Jza hb
13 4o 88 400 % 1 )

*

b

h
b

w

In this column, the letters lndicate the following motions:

ran deeply - the model settled deeply into the water with little change in

attitude

ren smoothly -~ the model made a very stable run
porpolsed - the model unduleted about the transverse axis with some part of the

model slways 1n contect with the water
trimmed up - the attitude of the model incfeased while running in the water

TRecomnended ditching attitude and flap setting.

Remarks: Decelerations were increased when demage was simulated, but the behavior
of the model was not appreclaebly changed.
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TAELE 9
SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER /T

E&odel scale, 535; gross welght, 150,000 1b; center-of-gravity
location, 25 percent M.A.C.; all velues full sca.le:l

Damage similated by removal of parte (crosshatched areas).

53,1 rt.—l
e S—— =
Landing Flap Lending | Length Maxcloum Average Motions of
ettitude, | setting, | speed, of run, | lonsitudinal longitudinal model
deg deg knots £t deceleratlon, deceleration, (%)
g units g units
Undemaged model
- 1 ht
9 50 111 100 1% >t
Demaged model
b 50 124 500 5 l% upt
9 50 111 300 5 2 up
9 50 111 300 6 2 upt
1k 50 98 250 6 112= b
1 50 98 250 7 1% bt

*In this colum, the letters indicate the following motions:

b ren deeply - the model settled deeply into the water with little change in
ettitude

h ran smoothly - the model mede a very steble run

P porpoised - the model undulsted about the transverse axls with some part of the
model always In contact with the water

t turned sherply - the model pivoted quickly about & vertical exis

trimmed up - the attitude of the mojel increased while running in the water

TRecommended ditching ettitude and flsp setting.

=]

Remarks: The most pronounced ditching characteristic of thie bomber model wes its
tendency to turn or yaw. Construction of the airplane 1s such that extensive demage is to
be expgcted and 1t probsbly will be difficult to find ditching stations where crew members
can adequately brace themselves and be reasonebly sure of avoiding an inrush of water.
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TABLE 10
5 SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER J

LModel scale, 2—0- and == 50, gross welght, 255,000 1b; center-of-gravity

locatlon, 29 percent M.A.C; all va.lues full sca.le]

Damage similsted by removal of parts (crosshetched aresa).

= é
}-——1627&

I

W
Landing Flap Lending | Length Maximum Average Motions of
ettitude, | setting, | speed, of run, | longitudinal longitudinal model
deg deg knots 4 deceleratlion, deceleration, (%)
g wmits g wmits
Undamaged 1/30-scale model -
1 40 12 1,000 -—- % uh
1 40 -12h 1,000 — z us
5 ko 106 650 — 1 h
9 0 119 650 - 1 h
9 40 95 1,000 ——- % h
3 . 0 108 1,000 - %
13 40 87 650 — % h
Damaged 1/20-scale model
1 40 12k | aeeem 4 -- b
To L0 95 | emee- 2 - h

*In thie column, the letters indicete the following motions:

b ran deeply - the model settled deeply into the water with little change in
attitude .

h ran smoothly - the model made a very stable run

P porpoised - the model undulated about the transverse axls with some part of the
model &lways in contact with the water

8 skipped - the model rebounded from the water

u trimmed up - the attitude of the model increesed while running in the water

+Reconnnended. ditching attitude end flap setting.

Remarks: The behavior of the model wes generslly good. No violent motions such as
diving occurred, and the maximum longitudinal deceleration recorded was &bout Lg.



NACA TN 3946 23
TABLE 11
SUMMARY OF MODEL~-DITCHING INVESTICGATION OF BOMBER K
I:Model scele, ]%35 gross welght, 82,600 1b; center-of-gravity
location, 29 percent M.A.C.; 21l velues full sca.le]
(a) Without hydroflsp.
Damege similated by removel of parts and covering of
openings with eluminum foll (hatched areas).
.L 75.7 ft. “I
i 89 it,
Average
Lending Flep Lending | Length Maximum Motions of
attitude, | setting, | speed, of run, | longltudinel longitudinal model
deg deg Knots £t deceleration, decelerstion, (*)
g units g units
Undemeged model
2 40 131 950 1% 1 uh
6 10 119 850 1 % ah
Demeged model

2 4o 131 200 9% 4 4
te 50 119 300 5 2 a1

*In this column, the letters indicate the following motions:

a7 dived violently - the model stopped abruptly in a nose-down attitude with most of

the model submerged

h ran smoothly - the model made e very stable run
u trimmed up - the attitude of the model increased while running in the weter

TRecommended ditching sttitude and flap setbing.

Remarks:
on the model.

The scale-strength bomb-bey doors and nose-wheel doors consistently failed

The dives that occurred were very violent.

Additionsal date have indicated

thet if the bulkhead and part of the fuselege bottom aft of the bomb bey fail in e ditching,
diving mey not occur.
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TABLE 11.- Concluded

NACA TN 3946

SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER K

(b) With hydroflep.

Demage same as shown in three-view sketch.-'Hydroflép a5 indicated.

75 . 7 ft. .
Maxinmum Average
Landing Flap |Landing|Length Motions of
attitude, [ setting,|speed, |or run,|ion&ltudinel |longltudinal | =, 50
deg deg knots £ deceleration, |deceleration, (%)
g units g unlts
2 40 131 720 3% 1 s p
te 40 119 540 % 1 8 p

*In this column, thé letters indicate the following motions:

porpoised - the model undulated sbout the transverse exis with
some part of the model always in contact with the water

skipped - the model rebounded from the water

lRecommended ditching attitude and flap setting.

D

8

Remarks: The hydroflap stopped the diving end reduced the deceleration.
It also kept the nose-wheel doors from failing.
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TABLE 12
SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER L

[:Model scale, 21; gross welght, 125,000 1b; center-of-gravity
location, 20 percent M.A.C.; all velues full sca.le:[

Damage simuleted by removal of parts and coverlng of
openings with alumimum foil (hatched ereas).

{ 107.8 . ‘I

| 116 ft.
Maximm Average
Lending Flep Landing Length Motions of
attitude, setting, speed, of run, longitudinal longitudinal model
deg deg knots £t deceleration, deceleration, (*)
g units g unite
Undemeged model

5 35 134 €50 2 1 usDp
10 0 155 700 3 :% 2
10 35 120 650 2 1 h
15 35 115 550 1z 1 h

Damaged model
5 35 134 650 3 1 b
Tio 35 120 550 2L L B

15 35 115 450 3 1% b
*In this column, the letters indicate the foliowing motions:

b ran deeply - the model settled deeply into the water with little chenge in

attitude .
h ren smoothly - the model made a very stable run
] porpoised - the model undulasted ebout the transverse axis with some part of

8
u

the model alweys in contact with the water
skipped - the model rebounded from the water )
trimmed up - the attitude of the model increessed while running in the water

T Recomended dltching attitude snd flap setting.

Remarks: Additional tests with the nacelles attached at scale strengbh Indicated
that the nacelles willl probably be torn off in a ditching but will have 1little or no
effect on behavior,

The similated main~wheel doors failed.
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TAELE 13

NACA TN 3946

SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER M

[Mod.el scale, %; gross weight, 26,599 1b; _center-of-gre.vity
location, 30 percent M.A.C; all values full sca.le:]

Demege simlated by removal of part (crosshatched ares).

Meximom Average
ity || nip | e | it | ot | it | Mo o
& € setting, peec, ? deceleration, deceleration, %
deg deg knots £t g units g units (%)
Undamaged model
2 38 113 450 )3 1 8D
7 0 122 650 -- 1 Bt
7 38 87 450 1% 1 P
12 0 104 T00 1 1 h
12 38 87 350 2 1 h
Damaged model
38 122 400 - 1% 8D
+.7 38 87 300 - 1 )
12 38 87 300 - 1 P

*In this column, the letters indicate the following motilons:
h
b

cw

ran smoothly - the model mede e very steble run
porpoised - the model unduleted sabout the transverse axis with some part of the
model alweys in contact with the water.
skipped -~ the model rebounded from the water
turned sharply - the model pivoted quickly ebout & vertical axis

-'-Recommended' dltching ettitude and flep setting.

Remerks: ¥From examination of full-scale ditching reports on this elrplene, it is
believed that the fuselage bottom section aft of the bomb bay will be torn awsy in a
ditching with the resultes indicated above.

ocecur.

If this sectlon does not fall, violent dives



NACA TN 3946 27

TARLE 14
SUMMARY OF MODETL.-DITCHING INVESTIGATTION OF BOMEER N

[Model scale, 11; gross welght, 45,000 1b; center-of-gravity
location, 29 percent M.A.C.; all values full sca.le:l
(a) Without hydroflap or hydro-skis.

Damage simileted by removal of paerts (crosshatched aress).

L

Lending Flep Tending | Length Maximm Averege Motions of
attitude, setting, speed, of run, longitudinal longitudinel model
deg deg knots £t deceleration, deceleration, (%
g units g units
Undamaged model
2 32 & oo 2 1 uhb
6 0 121 700 2 1 b
6 32 78 300 2 1 h
10 0 102 550 1% 1 h
10 32 T 300 2 1 h
Damaged model
2 32 89 150 6 212‘ dy
Te 52 78 150 " 2 &
10 2 100 L L a
> ™ 3_2' 22 1

*In this column, the letters indicate the following moticns:

4y dived violently - the model stopped abruptly in e nose-down attitude with most
of the model submerged

h ren smoothly - the model made & very steble run

u trimmed up - the attitude of the model increased while running In the water

TRecomnended ditching ettitude end flap setting.
Remarks: Dets obtalned from the manufacturer indicates that the fuselage bottom is

extremely weak so that consldersble damage wlth this alrplene could be expected. The diving
caused by simuleted damasge was very violent.
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TABLE 14.- Continued

NACA TN 3946

SIMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER N

(b) With hydroflep.

Damage same as shown in three-view sketch except nose-wheel
Hydroflap as indicated.

doors not removed.

Lending Flap Landing | Length Maxlmim Average Motions of
attitude, setting, speed, of run, longitudinal longitudinal model
deg deg knots £t deceleration, ‘deceleration, (%)
g units g units
2 32 89 450 3 1 ph
te 32 78 300 3% ph
10 32 7L 250 L Ph

*In this column, the letters indicate the following motions:

ran smoothly - the model made a very stable run ’

porpoised - the model undulated sbout the transverse axls with some part of the
model always in contact with water i

h
P

TRecommended dltching attitude and flap setting.

Remarks:

The locetlon of the hydrofiap on this slrplane was critical. When located

forward of the nose-wheel doors, i1t did not stop the diving.
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TABLE 1%.- Concluded
SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER N

(c) With hydro-skis.

No demage simuleted. Skis as indicated.

Lending Flap Landing | Length Maximu Average Motions of
attitude, setting, speed, of run, longlitudinal Longltudinal model
deg deg knots £4 deceleration, deceleration, (%)
g units g units
2 32 8 1,350 1 % h
32 78 950 -- 3 h
L L
10 32 ™ 500 3 5 h

*In this colum, the letters Indicate the following mobtions:
h ran smoothly - the model mede a very stable run

Remarks: The ditching behavior with the hydro-skis was very good. It is possible that
criticel demsge can be eliminated from ditchinge by using a hydro-ski ditching geer, and thus
the chances of survival end rescue would be greatly increased.
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TABLE 15
SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER O

Edodel scale, i]é-; gross welght, 55,000 1lb; center-of-gravity
location, 22 percent M.A.C.; all values full ace.le]

{(a) Without hydroflap.

Damege similated by removal of perts (crosshatched areas).

: Maximim Average -
Landing Flap Landing Length Motions of
attitude, | setting, | speed, of run, | lopgltudinal longitudinal model
deg deg knots £t deceleration, deceleration, (%)
g units g units
Undemaged model
1 40 98 300 - J.% h
T 0 108 400 — 112. )
4o 88 300 - 1 P
13 0 98 300 - 1% h
13 ko 82 300 - 1 h
Damaged model
1
1 40 95 100 ks 4 4
7 40 8 200 3 2 D
Tr ko 89 100 !% % a
1
13 k0 ge 150 2 - 2 dp
13 40 g2 150 % 2 t

*In this column, the letters lndicate the following motlons:

a4 dived slightly - the model stopped abruptly in e nose-down attitude with the nose
of the model submerged

h ran smoothly - the model mede & very steble run’

(|

he] porpoised - the model undulated about the transverse axis with some part of the R
model always in contact with the water
k7 turned sharply - the model pilvoted quickly aboul a vertical axils ) «

TRec_ommended. ditching attitude and flep setting. - - o

Remerks: The behavior of the damaged model varled inconslstently.
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TARLE 15.- Concluded
SWMMARY OF MODEL-DITCHING INVESTIGATION OF EOMBER O
(b) With hydroflep.

Damage same as shown Iin three-vliew sketch. Navigetor's escape hatch
(open at an angle of 30° to the thrust lins) used as hydroflap.

82,5 ft.

Maximim Average
Landing Flep Landing Length Longitudinal longitudinal Motlons of
attitude, setting, speed, of run, deceleration, leceleration model
deg deg Imots % g units g units ’ )
1 15 95 150 3 2-;- P
T7 1o 8 150 = 2
13 ko 8 150 3 2

*In this columm, the letters indicate the following motlons:
D porpoised - the model undulsted ebout the transverse axis with some part of the
model elways in conbtact with water

TRecommended dltching ettitude and flsp setting.

Remarks: The hydroflep is recommended as & ditching aid on this airplane to stop the
diving that sometimes occurred. It also reduced the decelerations slightly.
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TARLE 16 o . _
SUMMARY OF MODEL-~DITCHING INVESTIGATION OF BOMRER P

LMod.el scale, %; gross weight, 13,060 lb-}'center-of-sravity
locatlion, 30 percent M.A.C.; all velues full scale

Demage simulated by removal of parte (crosshatched areas).

. Meximam Average
T;:giigg ﬂ'ap Langding Lgngbh longitudinal | longitudinel M°;°£§i of
& o se ing, speed, oL _Tun, deceleration, deceleration, *
deg deg knots £t & units g units (*)
Dameged model
2 30 113 150 8 L 4
2 60 10k 100 5% 5 d
2 60 1ok ——— - -
aX 1
8 0 113 Loo 65 5
8 0 113 -— - - Yy
8 30 95 200 5 2 dy
8 60 87 150 7 2 4y
8 60 87 - - - 8
15 0 87 200 % 125 a1
15 0 81 --- - - b
15 30 78 150 5 2 a3
15 60 69 200 L 1 4
15 60 €9 --- -- - sb

In this column, the letters indicate the following motions:
ran deeply - the model settled deeply into the water with little change in

attltude

d dived violently - the model stopped a'bruptly in a nose-down attitude with most
of the model submerged

P porpolsed - the model undulsted sbout the transverse axis with some pert of the
model always 1n contact with the water _—

-] skipped - the model rebounded from the water

Remerks: The landing flaps were very strong on this scout bomber. When they failed,
‘the model skipped or made a deep run; when they did not_fell, the model dived.

P
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TABLE 17

SUMMARY OF MODEL-DITCEING INVESTIGATION OF BOMBER Q

[Model scale, 9, gross welght, 135,795 Ib; center-of-gravity
location, 26 percent M.A.C.; all values full sce.le]

Demege simileted by removal of perts (crosshatched areas).

35

Meoci rmam Average
Landing Flep Landing Length Longl tudinal 1 i tudingl Motions of
attitude, setting, speed, of run, deceleration, deceleration, moiel
€8 deg Imots 5 g units g unite (%)
Undamaged model
3 45 8 500 - 32: ph
7 0 8 550 - % sh
T 45 76 %00 2 % ph
11 0 85 500 1.-]2-'- % ph
11 L5 68 150 1 12- ph
Damaged model
3 45 7 100 b 2 4
t7 45 6 10 3% 15 4
11 45 66 100 - 2 d.l

*In this column, the letters indicate the following motions:

dy dived violently - the model stopped ebruptly in e nosedown ettitude with most of the
model submerged

h ren smoothly - the model mede a very stable run

he] porpolsed - the model undulated ebout the trensverse axis with some paxrt of the model
elweys in contect with the water

8 skipped - the model rebounded from the water

TRecomended ditching attitude and flap setting.

Remarks: Full-scale reports have Indicated that all personnel aboard this eirplane have &

good chance to survive & ditching, end If the radiomen moves to the upper pert of the fuselege,
his chences will be improved.
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TABLE 18 . - ’ . —
SUMMARY OF MODEL-DITCHING INVESTIGATION OF BOMBER R

I:Mod.el scale, %; gross welght, 16,925 1b; cemter-of-gravity
location, 32 percent M.A.C.; all velues full eca.le:l

Demsge similated by removal of perts (crosshatched aress).

Maximam Average
aviionie, | ssttisg, | speed | of sur, | lomgimdioel | longltustosl | MOECES Of
deg deg knots % g units ’ g units ’ (*)
Undamaged model
2 50 % 600 - % s
7 0 108 800 —- ,{_’,: 8
7 50 85 ,500 - % 8
12 0 89 550 - % P
12 50 78 550 --- : )
18 o} 85 500 ——- -21= 8 D
18 50 TL 450 — =2'L- ph
Damsged model
2 50 100 & - 5% &
7 50 87 100 _— 3% 4y
Ti2 50 78 100 - 2 dy
18 50 n 100 — 2 4

*In this column, the letters indlcete the following mobioms:
dy dived viclently - the model stopped a.'brup'bly in s nose-down atti'bude with most of the
model submerged
h ren smoothly - the model made a very steble run
p porpoised - the model undulated about the transverse sxls with some pert of the model
elways in contect with the water
8 skipped - the model rebounded from the water . - m—

TRecommended ditching ettitude snd flap setting.

Remarks: This airplane closely resembles.bomber Q. ~The ditching behavior of the models
was similar, but the higher landing speeds of bomber Q gave higher average deceleratlons.
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TAELE 19
SUMMARY OF MODEL-DITCHING INVESTIGATION OF FIGHTER A

[Model scale, 11'6; gross welght, 12,151 1b; center-of-gravity
location, 23 percent M.A.C.; all values full sca.'l.e]

Demege simulated by removal of parts (crosshatched ereas)
and installation of crumpled parts (dotted arees).

Maximum Average
Lendi. Lendi Length Motions of
8 Tiep ne longitudinal | longitudinsl o
attitude, setting, speed, of run, model
deg deg knots £% deceleration, deceleration, (%)
g unilts g units
Undsmaged model
2 ko 128 650 9% 1 usdy
8 Lo 104 1,000 L % ush
12 0 118 900 6 % usop
12 40 oh 700 2% % usph
Damaged model
2 Lo 128 900 5 1 ush
8 Lo 1ok TO0 3 %‘- usph
Ti2 10 ok 600 ok i huph

*In this column, the letters indicate the Pollowing motlons:

d; dived violently - the model stopped sbruptly in & nose-down ettitude with most of
the model submerged

h ren smoothly - the model made a very stable run

P porpolsed - the model undulated sbout the transverse axis with some part of the model
elweys In contact wlth the water
[} skipped - the model rebounded from the water

u trimmed up ~ the attitude of the model Increased while running in the weter
-I'Recomnended. ditching attitude and flap setting.

Remarks: The undamaged model trimmed up and skipped violently when it conbacted the water.
Simidation of demege improved the ditching behavior by reducing the trimming up end skipping.
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TABLE 20 e T
SUMMARY OF MODEL-DITCEING INVESTIGATION OF FIGHETER B

[Model scale, l-c]-a-; gross welght, 25,000 1b; center-of-gravity
location, 22 percent M.A.C.; all values full sca.le]

Damege simlated by removal of parts (crosshetched areas)
and instellation of crumpled perts (dotted areas).

Lending Flep Lending | Length Mexlmum Average Motions of ~
attitude, setting, speed, of run, longitudinal longitudinal model
deg deg knots £ deceleration, decelerstion, (%)
g units g units
Undamaged model -
L Lo 127 550 - 12 8t
8 0 139 1,150 5 % 8P
8 40 111 600 2 1 uh
1
12 0 122 1,200 4% 5 B P
12 ko 101 650 2 35 uo
Demaged model
4 40 127 650 - 1 8 p
8 0 139 600 1 - 1% h
*s %o - 111 550 2 1 h
12 0 122 550 5 1 b
12 4o 101 500 3 1 b

*In this column, the lettere indicate the following motions: =

In

h ran smoothly - the model mede & very stable iin

[e] oscillated - the model oscllleted sbout the longitud.tnal or vertlcel axis

P rorpoised - the model undulated ebout the trensverse axis with some part of the model
always in contact with the water

s skipped - the model rebounded from the vater:

t turned sharply - the model pivoted quickly about a vertical axis

u trimmed up - the sttitude of the model increased while rumning in the water

TRecommended diltching attitude end flap sebting.

Remarks: The Jet englnes locsted below the fuselage did not cause diving in this instal-
lation, but & very high maximum longitudinal deceleration was obtalned at one condition. Simu-
lation of damage stopped the model from trimming up. L.
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TABLE 21

SUMMARY OF MODEL-DITCEING INVESTIGATION OF FIGHTER C

[Mod.el scale, %; gross welght, 9,706 1b; center-of-gravity
locatlion, 31 percent M.A.C.; all values full sca.le]

Demage similated by use of scale-strength parts (hatched areas)
and removel of other parts (crosshatched sreas).

37

Maximmm Average
Lending Flap Landing Length longitudinal 1 {tudinal Motions of
attitude, setting, speed, of rum, deceleration dece tion model
deg deg knots £t & wnits 2 gleraunits s (*)
Undamaged model
I 27 12k 500 2 1z usp
8 27 107 550 1L 1 usp
12 27 97 koo 2 1 up
Damaged model
L 27 12 200 9 3% pdp
8 27 107 150 10 3% dy
Tip 27 97 100 7 % d

*In this colum, the letters indicate the following motions:

a4

dz
D

8
u

Remerks: The trimming up and diving of this model was extremely severe.

dived violently - the model stopped sbruptly in & nose-down attitude with most of
the model submerged
dived slightly - the model stopped abruptly in a nose-down attitude with the nose

of the model submerged

porpolsed - the model undulated about the transverse axls with some part of the
model always in contect with the water

skipped - the model rebounded fram the water

trimmed up - the attitude of the model increased while running in the water

'rRecommended ditching attitude and flap setting.

The pilot

should make sure that the safety harness 1s securely fastened In order to wlthstand the
decelerations.
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SUMMARY OF MODFL-DITCHING INVESTIGATION OF FIGHTER D

l:Model scale, J.}_l; gross welght, 22,800 1b; center-of-gravity
location, 12 percent M.A.C.; all values full sca.le]

Damage simulsted by removal of parts (crosshatched areas)
and installetion of crumpled parts (dotted areas).

38.7 ft‘ —
Landd Mexinmm Average
2:2:3;28 fi::.ator speed zngr:zh: Llongitudinal Longltudinal % o
& € eLuing, peed, 4 deceleration, deceleration, *
deg deg knots £t e units 2 units (*)
Undemaged model
18 =20 151 gko - 1 us
25 ~30 17 870 2 5 8D
28 40 106 720 132- 3 & p
Dameged model
18 ~20 131 600 -- 1% us
23 =30 17 540 3% 1 8 p
28 -40 106 500 35 1 D

*In this column, the letters irndicate the following motions:

P

B8
u

Remarks:

porpolsed - the model undulsted sbout the transverse axis with some part of the
model always in contact wilth the water .
skipped - the model rebounded from the waeter
trimued up -~ the attitude of the model increased vhile running in the water

the lowest speed and highest attitude consistent with adequate control.

The elrplene can lend at extremely high attitudes and should be ditched at
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TABLE 23
SUMMARY OF MODEL-DITCHING INVESTIGATION OF FIGETER E

[Model scsle, -]]_'—o; gross weight, 13,311 1b; center-of-gravity
location, 22 percent M.A.C.; all values full scale]

Damage simileted by instellation of crumpled part (dotted ares).

| o J
— 35.7 £t.

Maxirmm Average
Landing Flap Landing Length Longitudinel longitudinal Motions of
attitude, setting, speed, of run, deceleration, deceleration, mod;el
deg deg knots g units g units (*)
Undamaged model
" 38 132 300 8 2z a
9 38 109 800 1 %-. h
- 0 113 700 2-21- 1 ps
L 1
14 38 98 650 12 3 h
Damaged model
4 38 132 200 = I a;
g 38 109 600 3 1 h
Tiy 38 98 600 3 % h

*In this column, the letters indicate the followlng motions:

47 dived violently - the model stopped abruptly in a nose-down ettitude with most of the
model submerged

h ran smoothly - the model made & very stable run

his] porpolsed - the model undulated sbout the transverse axis with some part of the model
slweys 1in contact with the water

8 skipped - the model rebounded from the water

TRecommended ditching attitude and f£lap setting.

Remarks: Extreme care should be teken to evoid the violent dive at the low attitude. The
tanks under the wing should be Jettisoned before ditching.
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TABLE 24
SUMMARY OF MODEL-DITCHING INVESTIGATION OF FIGHTER F

[Model scele, -flo-; gross weight, 12,100 li:; center-of-gravity

locetlon, 27 percent M.A.C.; all values full sca.le]
(a) Without hydroflap.

Damage similated by installation of crumpled part (dotted area).

| . J
1 o i

\

'5 "—_—‘_38.’4 ft.

1

)

!

-~
L )

35.3 ft. _“

¢

A

Maximum Average
Landing Flap Landing Length Motions of
attitude, setting, speed, of run, Longitudinal longitudinal model
deg deg Knots £ deceleration, deceleration, ( *)
g units g unite
Undemaged model
Inboard 20
b Outboard 55 133 Tho 3 t 8 F
Inboard 20
8 Outboard 55 15 760 3 1 8P
Inboard 20
12 Outbosrd 55 102 590 2 1 8 p
Dameged model
Inboard 20
b Outboard 55 155 760 3 L 8P
Inboard 20
8 Outboard 55 115 685 3 1 8D
T Inboerd 20U 1
12 Outl 4 55 102 T00 2 5 8 P
*In this column, the letters indicete the following motions:
he] porpoised - the model undulsted about the transverse axis with some pesrt of the model

8

always in contact wlth the water

skipped - the model rebounded from the water

TRecommended ditching attitude and flaep setting.

Remarks:

This model made rather long runs with severe skipplng.
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TABIE 24.- Concluded

SUMMARY OF MODEL-DITCEING INVESTIGATION (F FIGHTER F
(b) With hydroflap.

Damage same as shown on three-view sketch. Speed brake (open
at angle of 30° to thruet line) used as hydroflap.

— ]
i
sC—
S ‘]
38.4 ft.
Maximm Average
Landing Fla.p Lending Length longitudinal longitudinal Motions of
attitude, setting, speed, of run, deceleretion, | deceleration, model
deg deg knots £t g units g units (*)
8 Inboerd 20 115 765 2 1 s p
Outboard 55
T2 Inboard 20 102 595 2 1 pep
Outboard 55
*
In this column, the letters indicate the following motlonsa:
P porpoised - the model undulsted sbout the transverse exis with some part of
the model slways 1n contact with the water
8 skipped -~ the model rebounded from the water

Recommended ditching attitude and flsp setting.
Remarks: The severity of the skipping wes reduced by using the hydroflap.
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TABIE 25
SUMMARY OF MODEL-DITCHING INVESTIGATION OF FIGHTER G

lModel scale, %; gross welght; 14,900 1b; center-of-grevity
location, 28 percent M.A.C.; all values full sca.'l.e:l

Demage simulated by removel of parts (crosshatched areas).

Landing Flap Landing Length 10“:;:3&1 lonézgtz;daf:al Motione of
attltude, setting, speed, of runm, decelerafion, deceleration, model
deg deg knots g units g units (*)
Undameged model R
5 37 100. 250 6 2 8 *
9 0 15 250 --- 2 b
S 37 88 200 L 1% 8o
13 0 100 250 8 2 b
13 37 9 200 -- - 1% 8
Damaged model
2 37 113 100 - - 5% 8 dp
5 37 ) 100 200 - - 2 8
T9 37 88 200 - 1% 8
13- 57 79 250 --- 1 s

*In this column, the letters indicate the following motions:
b ran deeply - the model settled deeply into the water with little change in
attitude :
dp dived slightly - the model stopped abruptly in & nose-down attitude with the
nose of the model submerged
o] oscillated - the model oscillasted about the longitudinal or vertical axis . N
8 skipped - the model rebounded from the wateér =
TReconnnended ditching attitude and flap setting, - - i ' o )

Remerks: The landing speed was the most important veriable affecting performance )
of this eirplene. At high speeds, the highest deceleration and the most violent behaviors -
were encountered. A tail-down ettitude (from 9° to 139) is recommended.
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TABIE 26
SUMMARY OF MODEL-DITCHING INVESTIGATION OF TRANSPORT A
[Model -scale,-o.oll-}; gross welght, 130,000 1b; center-of-gravity
location, 26 percent M.A.C.; all values full sca.le]
Demage simulsted by scele-strength parts (hatched area)
and scele-strength nacelle struts.
) 4
?
é I— -l
z 130 £ft.
Maximm Average
Ia.nding Fl&p Landing Ieng‘bh longitudinal longitudiua.l Motions of
attitude, setting, speed, of run, deceleration, deceleration, model
deg deg knots £t g units g units (%)
Undemaged model wlth scale-strength nacelle struts
6 ) 146 1,100 212- 1 8D
6. 50 1,040 2 i h
9 o 127 1,090 2% % h
9 50 850 12 1 h
12 0 119 850 1% % h
12 50 100 640 2 % h
Damsged model with scale-strength nacelle struts
6 0 146 700 61 1% b
6 50 113 450 6 1t h
9 ) 127 500 5% 112= h
9 50 104 k20 5 1 h
12 0 119 180 6% 1% h
Tla 50 100 k70 5 1 h

*In this column, the letters indicate the following motions:

b ran deeply - the model settled deeply into the water with

Remarks:

ettitude
h ran smoothly - the model made & very stable run
B skipped - the model rebounded from the water

tRecamended ditching ettitude and flap setting.

One or more of the nacelles were frequently torn off in a ditching but hed
little or no effect on behaviar.

1little change in

43
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TABIE 27 o . . .

SUMMARY OF MODEL-DITCHING INVESTIGATION CF TRANSPORT B

[Model scale, —8-; gross welght, 85,000 1b; center-of-gravity
location, 25 percent M.A.C.; all values full sca.'l.e]

(a) Without cergo container or hydro-ski.

Damege simulated by use of scale-strengtiz parts (hatched areas)
and removal of other perts {crosshatched sreas). B}

123 ftl
! _ :
e :
Y 3 e ) Z z
Maximum Average
Lending Flap Landing Length longitudinal longitudinal Motions of
attitude, setting, speed, of run, deceleration, deceleration, model
deg deg knots £t g units g units (*)
Undamaged model .
L o] 48 900 6 1. s h
4 %0 91 250 4 13 4 -
9 0 115 600 2 1 uhb
9 40 79 400 4 % b
12 0 102 600 1 1 h
12 ko T 250 3 1 b
Damaged model "l -
4 Lo 91 200 L 2 b dp
T9 %0 19 350 3 1 b dy
12 Lo ™ 200 L 1 hb
*In this column, the letters indicate the following motions: ) z
b ran deeply - the model settled deeply into the water with little change in -

attitude . i
ds dived slightly - the model stopped a.bruptly in a nose-down attltude with the
nose of the model submerged

h ran smoothly - the model made a very sta.ble run
8 skipped = the model rebounded from the water
u trimmed up - the attitude of the model increased while ru.n.ning in the water

TRecmmended ditching attitude end flap setting. _ _ .
Remarks: The fuselege will probably be damaged and lesk substantially. R
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TABLE 27.~ Continued

SIMMARY OF MODEL-DITCHING INVESTIGATION CF TRANSPORT B

[Groas welght of airplane plus cargo container, 95,000 1b;

Model undamaged.

211 velues full sca_'l.e]

(b) With cargo container.

area) attached as indicated.

Scale-strength cargo container (hatched

123 fte

s e‘_ "

Meximum Average
Landing Flap Lending Length longitudinal longitudinal Motions of

attitude, setting, speed, of run, deceleration, deceleration, model

deg deg knots it g units g units (*)
b %0 %5 650 - % h dp

T 40 85 500 1L 1 hb

2 2
12 ko 8 250 2 1 hb

In this column, the letters indicate the following motions:

B
do
h

nose of the model submerged

ran smoothly - the model made a very stable run

TReccxnmend.ed ditching attitude and flep setting.

Remarks: The bottom of the cergo container wes damaged considerebly and evidently
The decelerations were less and the behavior of the
The cargo conteiner also protected the fuselage bottom.

gbsorbed some of the landing loads.
model was more favorsble.

ran deeply - the model settled deeply into the water with little change in
attitude
dived slightly - the model stopped ebruptly in a nose-down sttitude with the
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TABIE 27.- Concluded

SUMMARY CF MODEL-DITCHING INVESTIGATION OF TRANSPORT B
(¢) With hydro-ski.

Ski as shown.

No damage simulated.

. Maximam Average
Landing Flap Landing Length - longitudinel longitudinal Motions of
attitude, gsetting, speed, of run, deceleration, deceleration, model
deg deg knots ft g units g units (*)
" 40 91 1,220 3 % h
9 ko 79 720 -- - % hp
*,

In this column, the letters indicate the followlng motions:
h ran smoothly - the model made & very stable run
P porpolsed - the model undulated ebout the transverse axis with some part of the .

model always in contact with the water

Remerks: The ditching behavior with the hydro-skl was very good. It is possible that
critical damsge can be &liminsted from ditchings by using & hydro-skl ditching gear, thus
greatly increasing the chances of survival and rescue. N
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TABIE 28

SIMMARY COF MODEL-DITCHING INVESTICGATION OF TRANSPORT C

[Mod.el scale, %; gross welght, 43,500 1b; center-of-gravity
location, 22 percent M.A.C.; all values full sca.'l.e]

Damege simuleted by use of scale-strength perts (hatched areas)
and removal of other parts (crosshatched areas).

Maximm Aversge
g unlts g units (%)
Undemsged model
1 -0 16% 850 " 1% uh
1 39 100 350 5 12 wh
5 0 122 650 3 1 uh
5 39 88 100 % h
9 o 105 600 3% 1 h
9 39 82 koo 1 % Rk
Damaged model
5 ) 122 250 8 ak Bb
5 39 88 300 5% 1 n
9 0 105 300 3 1% h
g 39 g2 300 5 1 n

*In this column, the letters indicate the following motions:

b ran deeply - the model sesttled deeply into the weter with little change in
ettitude

h ran smoothly - the model mede a very steble run

u trimmed up - the attitude of the model increesed while running in the water

TRecamended ditching attitude and flap setting.

Remarks: The landing fisps were an important fector in the ditching behavior of this
model. Failure of the scale-strength flaps wes simulated by the flaps rotating up or
being torn from the model. When the fleps rotated up, the model dived; but when the flaps
were torn away, the model performed as indicated sbove. :
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TABLE 29
SIMMARY OF MODEL-DITCHING INVESTIGATION OF TRANSPORT D
[Model scale, Ilé' gross welght, 50,000 lb; center-of-gravity
location, 25 percent M.A.C.; all values full eca.le]
Demage simulated by removal of parts (crosshatched areas).
T7.1 ft.
r 106.)4 .ft.‘_’
Maxdimm Average
Lending Flap Landing Length longitudinal longitudinal Motions of
attitude, setting, speed, of run, deceleration, deceleration, model
deg ’ deg knots £t g units g units (*)
Undemeged model
2 Lo 109 700 1 1 usp
7 Lo 90 300 2 1 ub
12 4o 78 350 1 1 ub
Damaged model -

2 40 109 450 2% 1 ub

T Lo 90 350 2 . 1 b

Ti2 40 8 300 1 1 b

*In this column, the letters indicate the following motions:

b

P

8
u

Remerks:

ran deeply - the model settled deeply into the water with 1little change in

attitude

porpoised - the model undulated about the trarnsverse axis with scme pert of the
model always in contact with the water

skipped ~ the model rebounded from the water .

trimmed up -~ the attitude of the model increeged whlle running in the water

1'Rect:xmnended ditching attitude and flap setting.

The undameged model trimmed up considerebly when it contacted the water.

Demage to the fuselage bottom greatly reduced the trimming up and caused the cargo com-
partment to flood rapidly, and thus to become a very hazardous dltching station.
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TABLE 30

SIMMARY OF MODEL-DITCHING INVESTIGATION (OF TRANSPORT E

[Model scele, %E; gross welght, 44,000 1b; center-of-gravity
location, 22 percent M.A.C.; all values full sca_'l.e]

Damage simulsted by scale-strength parts (hatched areas).

k9

"
D

Maximum Aversge
Lending Flap Ianding | Tength | 1ongitudinsl | longitudimel | Motioms of
attitude, setting, speed, of run, deceleration, deceleration, model
deg deg knots Eas g units g units (%)
Undamaged model
b 45 80 385 - 5 us
9 45 yol 350 -- % uh
1 b5 65 350 -- i uh
Damaged model
" 45 80 1450 2 % 5D
9 45 T 450 1 % h
T 15 65 415 1 i P
*
In this column, the letters Iindicate the following motions:
h ren smoothly - the model mede & very stable run
P porpoised - the model undulated ebout the transverse axis with some part of the
model elweys In contact with the water
8 skipped - the model rebounded from the water

u trimmed up - the attitude of the model Increased while running in the weter
Recommended ditching attitude and flap setting.

Remarks:

The fuselsge bottom will probably be dameged and the fuselege will £il11 with
weter and sink to the wing level.
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TABLE 31

SUMMARY OF MODEL-DITCHING INVESTIGATION OF TRANSPORT F

[Mod.ei scale, ElE; gross weight, 175,000 1b; center-of-grevity
location, 27 percent M.A.C.; all values full scale]

NACA TN 3946

Damsge simulated by use of scele-strength parts (hatched areas).

127.1 ft.

173.3 ft.

Landing Flap Tending | Tength | 1ongrsciinl | longitasinel | Motioms of
attitude, setting, speed, of run, deceleration, deceleration, model

deg deg knots £t g units g units (*)
Undanaged model

2 40 109 50 2 z uh

7 0 157 1,150 2 1 uh

7 40 96 800 1 % uh

12 0 123 900 2 z A

12 4o 9L T00 2%- % B
Dameged model

2 Lo 109 550 L 1 h

T7 ko 9 500 2k 1 h

12 4o 91 500 % 1 P

*In this column, the letters indicate the following motions:

h
P

u

ran smoothly - the model madé a very steble run
porpoised - the model undulated sbout the transverse axis with some part of the

model always in contact with the weter

TRecommended ditching attitude and flap setting.
The lerge clemshell doors in the nose of this alrplane and the unusual shape

Remarks:
of the fuselage bottom forward of the wing were of particular interest.

trimmed up - the attitude of the model increésed while running in the water

With the scale-

strength parts installed, only slight demage occurred to the clamshell doors and aft fuse-
lege bottom, but considerable demage was sustained by the region just forward of the wing.
However, the high location of the main floor should provide adequate ditching stations.
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TABLE 32

SIMMARY OF MODEL-DITCHING INVESTIGATION OF TRANSPORT G

[Model Beale, fﬁ; gross welght, 35,125 1lb; center-of-gravity
locetion, 31 percent M.A.C.; all velues full scale]

Demege simuleted by use of scale-strength parts (hatched areas)

v/,

and removal of other parts (crosshatched areas).

51

E @lllllll"
77 I 67 ft.
i 87 ft.
Maximm Average :
Landing Fla:p Landing Length longitudinal longltudinal Motions of
ettitude, setting, speed, of run, decelersti decelersti model
deg deg knots £ ecelerstion, eceleration, (%)
g units g units
Undamaged model
0 55 6k 150 af 1 dy
" 0 102 200 5 = £
b 55 60 200 2 1 dp
8 o 87 150 4 2 47
8 55 56 150 2 1 &
Damsged model
o} 55 6l 150 i 1 4y
b 55 60 150 2 1 dp
T8 55 56 150 2 1 ds
*In this column, the letters indicate the following motions:
dy dived violently - the model stopped ebruptly in & nose-down attitude with most
of the model submerged
ds dived slightly - the model stopped abruptly in a nose-down attitude with the
nose of the model submerged
£ Piipped over - the model rotated sbout the transverse axis and stopped in en

Remarks:

inverted position
T Recommended ditching attitude and flep setting.

The fixed landing gear on this model caused diving and flipping over. When
the geer was removed the model elther ren smoothly or skipped and porpoised.
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TABLE 33 -
SUMMARY OF MODEL~-DITCHING INVESTIGATICON (F TRANSPORT E

[Model scale, —215-; gross welght, 255,000 lb; _'center-of-gra.vi"r}jr
location, 25 percent M.A.C.; all valués full scale]

Demage simulated by use of scale-strength perts (hatched sreas).

(2) Without hydroflap.

Lending Flap Lending | Tength | 1omstieatusl | lometeamseal | Motions of
attitude, getting, apeed, of run, deceleration. dacelerstion model
deg deg knots £t ¢ units | g units (%
Undameged model
1 45 120 1,270 2 1 ush
5 0 155 1,400 = 1 50
5 45 - 110 690 Jﬂa- - 1 uh
10 0 137 1,490 2% -'2& s
10 15 102 980 12 3 uh
Damaged model
1. 45 120 570 2 1 buh
0 155 810 5 1% douh
5 45 110 580 3 1 . buh
10 0 157 740 55 1 dpun
T10 45 102 550 3 1 buh

* .
In this column, the letters indicate the following motions: ’ P
b ren deeply - the model settled deeply into the water with 1little change in

attitude .
dn dived slightly - the model stopped ebruptly in a nose-down attitude with the
nose .of the model submerged ’

h ran smoothly - the model made & very stable run’
[ oscillated - the model oscillated ebout the longltudinal or vertlcel axis
8 skipped - the model rebounded from the water

_ru trimmed up -~ the attitude of the model increased while running in the water
Recommended ditching attlitude and flep setting. )
Remarks: With scale-strength fuselage bottoms installed, the model had a téndency

to dive during the first part of the ditching run, but recovered and ran smoothly, The
landing-gear nacelles did not affect the ditching behavior. The fuselage is likely to

£1ood rapidly and sink to the level of the wing.
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TABIE 335.- Concluded

SIMMARY OF MODBI~DITCHING INVESTIGATION OF TRANSPORT H

(b) With hydroflap.

Demage seme as shown In three-view sketch.

Hydroflsp as indlceted.

i3

— _‘
= 149 ft.

53

Maximum Average
Landing Flep Landing Length longitudinal longitudinal Motions of
attitude, setting, speed, of run, deceleration, deceleration, model
deg deg knots 6 g units g units (*)
5 L5 110 690 2 1 h
T1o 45 102 610 2 1 p

*In this column, the letters Indicate the following motions:

h
D

Remarks:

ran smoothly - the model made a very stable run
porpoised - the model unduleted ebout the transverse axis with some part of

the model elweys in contact with the water

TReccumended ditching attitude and flap setting.

The hydroflap stopped the tendency to dive and decressed the amount of damage
to the scele-strength sections.
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TABLE 34

SUMMARY OF MODEL~-DITCEING INVESTIGATION (F TRANSPORT I

[Model scale, :E'—G; gross welght, 72,000 Ib; center-of-gravity
location, 28 percent M.A.C.; all values full scale]

(a) Without hydro-skis.

Damage simulsted by use of scale-strength parts (hatched arees)
and removal of other parts (crosshajched areas).

9347 ft. ""l

| 117.5 £

Maximum Average
Landing Flap Landing Length longltudinal longitudinal Motions of
attitude, setting, speed, of run, deceleration, deceleration, model
deg deg knots £t g units g units {*)
Undaemeged model’
2 50 8 650 2 % h
7 50 871 600 1 % h
1
12 50 79 450 1z 2 h
Damaged model . -
7 50 87 200 6 1% b
Tiz 50 79 250 1L 1 b

*In this column, the letters indicate the following motions:

b ran deeply - the model settled deeply into the water with little change in
attitude .. T o

h ran smoothly - the model maede = very stable run

T Recommended ditching attitude and flap setting.

Remarks: The damage sustalned by the scale-strength sections was not severe in calm
water ditchings. o .
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TABLE 34.- Concluded

SIMMARY OF MODEL-DITCEING INVESTIGATION OF TRANSPORT I

(b) With hydro-skis.
No damege slmilsted. Hydro-skis as indicated.

-

<

! 93.7 ft. “

| 117.5 £t

Maximum Average
attitude, setting, speed, of run, deceleration, decelerstion, model
deg deg knots £t g units g units (%)
2 50 9% | 1,300 —-- % B
T 50 88 750 - % h

*
In this column, the letters indicate the following motions:
h ren smoothly - the model mede a very steble run

Remarks: The ditching behevior with the hydro-skis was very good. It is possible
that critical damsge cen be elimineted from ditchings by using e hydro-ski ditching gear,
and thus the chances of survivel and rescue would be increased.
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TABLE 35 - -
SUMMARY OF MODEL-DITCHING INVESTIGATION OF TRANSPORT J
LModel.sca.le, %; gross weight, 84,000 1b; center-of-gravity -
locetion, 28 percent M.A.C.; all values full Scale]
Damage simulated by use of scale-strength parts (hatched aresas)
and removel of other parts (crosshatched areas).
Meximum Average
Landing Flap Landing Length longitudinal longitudinal Motions of
attitude, setiing, speed, of-. run, deceleration, deceleration, model
deg deg knots £t g unite- g units (*)
Undamaged model .

2 50 106 700 3 -%- h

7 50 ol 600 1 % h

12 0 109 550 2 1 h

12 50 85 450 1L < h

2 2
Damaged model

7 50 9k 250 5 i b

Tz 50 85 250 5% 1%- b
*In this column, the letters indicate the following motions: R
b ren deeply - the model settled deeply lnto the water with little change in _

attitude .

h ran smoothly - the model made a very steble Fun oo -

TRecommended ditching attitude and flap setting. S

Remarks: The damsge sustalned by the scale-strength sections was not severe in calm
water ditchings. )
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TABLE 36

SWMMARY OF MODEL-DITCHING INVESTIGATION COF TRANSPORT XK

[Model scale, 51]:; gross welght, 160,000 1b; center-of-gravity
location, 40 percent M.A.C.; ell values full sca.le]

Damege simulated by use of scele-gtrength perts (hatched areas)

and removel of other perts (crosshatched areas).

le

o7

6.1 ft, —-J

189.1 ft.

-

E

Maximm Average
attitude, setting, speed, of run, deceleration, deceleration, model
deg deg knots £% g units g units ()
Undamaged model
1 15 0 450 1 1 uh
5 0 115 800 2 -;- h
5 L5 19 450 %- % uh
9 0 9" 600 1 % h
9 L5 T2 450 1 % B
Damaged model
1 k5 % 300 o 1 b
15 45 9 300 2 1 bh
9 k5 T2 300 2 1 b

*In this column, the letters indicate the following motions:
b ran deeply -~ the model settled deeply into the water with 1ittle change in

attitude

h ren smoothly - the model made a very stable run
u trirmed up - the attitude of the model increased while running in the water

TRecammended ditching attitude and flap setting.

Remarks:

The scele-strength sections did not sustain severe dsmage.
usually occurred near the part of the fuselsge that contacted the water first.

Most damage
It is

1ikely thst the cergo floor will not faill and that the interior of the airplane will be
relatively safe in & ditching.
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- TABLE 37
SUMMARY OF MODEL-DITCHING INVESTIGATION OF TRANSPORT L .

[Model scale, 2‘%; gross welght, 130,000 lb; center-of-gravity
location, 25 percent M.A.C.; all values full scale]

Damage simulated by use of scale-strength parts (hatched arees)

and removal of other parts (crosshatched areas).
110 ft. ——I —

141.2 £t

Average
La.nding Fl&P La.nding Ienghh longitudinal longitudinal Motlons of
attitude, se‘tting, speed, of run, deceleration, deceleration, model
deg - deg - knots £t g units g units (*)
Undamaged model
3 45 109 650 2 1 uh
6 L5 102 500 2 1 uh
9 (o] 129 800 3 1 up
9 5 97 450 2. 1 uoh
Dameged model
3 45 109 400 3 11 h
Te 45 102 400 L 1 ph
9 45 97 350 b 1 bhn
*In this column, the letters indicate the following motions:
b ran deeply - the model settled deeply into the water with little change in

attitude
ran smoothly - the model made a very steble rui
osclllated - the model osclllated about the longitudinel or vertical axis
porpoilsed - the model undulated about the transverse axls with some part of the
model always in contact with the water
u trimmed up = the attitude of the model incré&sed while :m.rmi.ng in the water

TRecommended ditching attitude and flap setting.

g o

Remarks:; The scale-strength sections sustained damdge. The lower compartment of this
alrplane will probebly £111 with water. However, the strong csrgo floar should provide pro-
tection for the upper deck and the low wing should provid.e enough buoya.ncy to glve person.nel
time to escepe. - .

NACA - Langley Field, Va.



